Objectives-Emergency medical services (EMS) clinicians are shift workers deployed in twoperson teams. Extended shift duration, workplace fatigue, poor sleep, and lack of familiarity with teammates are common in the EMS workforce and may contribute to workplace injury. We sought to examine the relationship between shift length and occupational injury while controlling for relevant shift work and teamwork factors.
Introduction
Emergency medical services (EMS) workers provide the public with medical care and emergent transportation across the United States 24 hours a day. EMS is a high-risk work that involves operating an ambulance at elevated speeds on public roadways, carrying heavy equipment, lifting and moving patients, and stabilizing the ill and acutely injured in settings characterized as uncontrolled. [1] [2] [3] [4] Workplace injury among EMS workers is higher than the general working public and other high-risk occupations. [5] [6] [7] EMS workers are commonly deployed in teams of two (a dyad) and work shifts of 12 or 24-hours. Recent research raises concern about the safety of EMS workers and patients, revealing a high-level of workplace fatigue and limited familiarity between EMS dyadic crewmembers. 89 While fatigue and limited teammate familiarity have been linked to poor safety outcomes and poor performance in a variety of settings, 10 there is limited research involving EMS workers and thus lack of evidence to inform investigators and EMS officials in regard to the significance of shift length and crew deployment. 811 The Occupational Safety and Health Administration (OSHA) defines a normal work shift as: "a work period of no more than eight consecutive hours during the day, five days a week with at least an eight-hour period of rest." 12 EMS workers are often scheduled to work extended shifts of ≥12-hours. Extended shifts increase the risk of adverse events, medical errors, and attentional deficits in diverse settings, including healthcare. 13 Recent research using cross-sectional survey data links EMS workplace injury to fatigue. 9 Shift length was not a factor in this study, yet there is ongoing uncertainty and debate on the contribution and significance of shift length, timing, and rotation in EMS workplace safety. 11 Specifically, many in EMS administration perceive extended shifts as dangerous and advocate they be eliminated. 14 Others , including EMS workers, may feel differently given a lack of research showing a direct link between shift work factors, including length, and safety outcomes, such as injury or medical error.
Of equal importance is EMS crew deployment and its association with safety. There is an emerging body of literature that raises concern for the lack of planned deployment of EMS crews. Most EMS systems staff two crewmembers on each ambulance. One recent study shows that EMS workers are scheduled with 19 different crewmembers annually, with some working with more than 50 different partners in one year. 8 Lack of familiarity between pilots and co-pilot crews has been linked to a higher rate of errors during take-off and landing versus pilot/co-pilot teams with greater teammate familiarity. Another analysis of aviation data shows that greater than 70% of accidents can be traced back to the pilot/copilot crew's first flight first day together. 15 Other studies also link limited familiarity between teammates with poor performance and poor outcomes. 1617 Because EMS work depends on two crewmembers working well together under stressful conditions, there is reason to believe that the dangers of extended shift work combined with limited teammate familiarity pose a risk to safety.
In this paper, we explore the role extended shifts and teammate familiarity may play in EMS worker injury and illness. The purpose of this analysis was to evaluate the impact of shift length on internal reports of occupational injury and illness in a national cohort of EMS workers. We hypothesized that the risk of injury or illness would increase with increasing shift length.
Methods
This is an analysis of administrative data from a retrospective cohort of 14 EMS agencies with 37 base sites. The exposure of interest was shift length. The outcome of interest was OSHA reported injury or illness on the shift under study. Participating organizations represent a convenience sample of organizations providing historical scheduling records and occupational injury records for a period of 1-3 years.
Study Protocol
Agencies provided historical employee shift schedules and Occupational Safety Health Association (OSHA) occupational injury or illness reports. OSHA reports were matched to specific shifts using a combination of variables including date, location (agency/base site), and employee identification number. In cases where the employee and location matched the OSHA report, but the shift start date did not, the OSHA report was matched to the most proximal previous work shift as long as the shift occurred within 4 days of the recorded injury or illness. The 4 day interval was used to maximize the likelihood that the OSHA report be matched to the shift on which the incident occurred. OSHA stipulates an injury must be recorded within 7 days. Shifts were excluded when the assigned job role described a non-clinical task, for example, maintenance worker, billing staff, or vehicle service technician.
Outcome Variable of Interest
The outcome of interest was work-related injury or illness recorded on the agency OSHA form 300 log. 18 The OSHA form 300 log from each of the participating EMS agencies was obtained for all 37 base sites. The OSHA form contains where the event occurred, a short, free-text description of the event along with the assignment of the event into categories of injury or illness, with several subcategories beneath the illness designation. The assignment of the event into categories is performed by an individual at the EMS agency. The outcome was defined as any report from the OSHA log provided it met the following criteria: Injury: Any wound or damage to the body resulting from an event in the work environment, requiring medical treatment beyond basic first aid, or resulting in loss of consciousness or an inability to perform normal duties without restriction. Illness or Unanticipated Exposure to Illness was defined as: Any illness or exposure to infectious illness that resulted from an event in the work environment and was not prevented by the use of the personal protective equipment. Routine patient care of infectious persons in the course of duty without incident did not meet the threshold for a report and was excluded as an outcome. Each reported injury or illness was reviewed to determine whether or not the report met the criteria for inclusion as an outcome. The purpose of reviewing each record for inclusion was to minimize potential biases that could be present in cases of differential thresholds for reporting injuries or illnesses across agencies and individuals.
We grouped the injury locations into common categories. Locations included the emergency scene, in the ambulance or during transport, the hospital facility, and the agency home base site. We then searched the narrative description of the event to estimate the prevalence of keywords specific to types of injuries, actions, and bodily regions.
Exposure of Interest
The primary independent variable of interest was the length of the shift. Shift length was extracted from historical shift schedules. Shift length was treated in several ways for completeness. First, EMS agencies commonly schedule shifts of 8, 12, 16, and 24 hours. The primary representation of the exposure in this analysis stratifies the continuous shift hours variable into these four sections: Shifts ≤8 hours were grouped together, shifts >8 hours and ≤12 hours, then shifts >12 and ≤16 hours, shifts >16 and ≤24 hours, and shifts >24 hours. Next, shift length was examined as a dichotomous measure, considering shifts ≥12 hours to be extended in nature. We also performed a similar test considering shifts ≥10 hours as exposed to extended work hours. Shift length was also classified into categories of 8 hours, 12 hours, 16 hours, and 24 hours. The categories were constructed by assigning shifts ≤10 hours in the 8 hour category, shifts >10 & ≤14 hours in the 12 hour category, shifts >14 and ≤18 hours in the 16 hour category, and all shifts >18 hours in the 24 hour category. Lastly, shift length was treated as a continuous variable.
We present two approaches to classify the exposure of shift length. In the a priori approach the shifts were treated exactly as listed on the schedule. In situations where an employee was scheduled to work two 8-hour shifts without rest with two different partners, these shifts were analyzed as two separate 8-hour shifts to allow for control of familiarity between the two partners. We then performed a practical analytic approach designed with the intent of estimating the cumulative hours of work providers were scheduled for, regardless of transitions between partners. In the practical approach, shifts beginning ≤1 hour after the end of the most recent shift were combined and treated as a single, continuous shift.
Independent Variables of Interest
Teammate familiarity was defined as the number of shifts the employee worked with the partner(s) assigned for the shift of the interest within the 8-weeks preceding the shift. The familiarity variable was categorized using quartiles. The 8-week interval was chosen based on prior literature suggesting that 8-weeks is the maximum period of recall of team interactions. 1920
Other relevant covariates were also constructed from the shift schedules. The recovery period was calculated as the elapsed time between the end of the most recent shift and the beginning of the next shift. Recovery was treated as a continuous variable in 1-hour increments. Each shift was classified as overnight or not. The following were defined as overnight shifts: Shifts of at least 16 hours duration starting at or after 3pm, shifts of at least 12 hours duration starting at or after 6pm, shifts of at least 8 hours starting at or after 10pm, and all shifts lasting 24 hours or more. Any shift with a start-time ≤2 hours after the end of the most recent shift was considered consecutive in nature.
Part-time employees were defined consistent with the Bureau of Labor Statistics (BLS) standard. 21 The BLS considers an employee to be part-time if their hours do not exceed 34 hours per week. Part-time status was determined by calculating retrospectively the average work hours for that employee in the 4-weeks immediately preceding each shift. Thus an employee could transition from part-time to full-time status depending on their work schedule throughout the study period.
Workforce size has been associated with injury reporting in other settings. 2223 The number of unique employees working a shift during a 4-week period was used to estimate the number of workers employed by each agency. The month corresponding to the midpoint of the data collection period was isolated to generate this estimate.
Statistical Analysis
The variables of interest are reported using mean and standard deviation when normality is present, and with median and interquartile range otherwise. The rate of OSHA reports was calculated as the number of reports per 100 FTE. An FTE was defined as 2,000 hours of work per year.
Multivariable mixed effects logistic models were constructed for hypothesis testing. The variables of interest were specified a priori. In the a priori approach, the fixed effects were the length of the shift in hours, categorical quartile of familiarity of crew on the shift, hours of recovery, whether or not the shift encompassed overnight hours, whether the shift started within 2 hours of the most recent shift end (consecutive shift) full-time vs. part-time employment status, and the estimated size of agency's workforce. A random agency effect was utilized to account for the clustering of EMS workers within agencies and a random worker effect was implemented to account for the correlation between repeated measures within worker. The practical approach was identical to the a priori approach, except teammate familiarity was not included in the modeling strategy. The analysis was performed using Stata version 12.1 MP, College Station, TX: StataCorp LP.
The primary outcome was the presence/absence of an OSHA reportable occupational injury or illness. A sensitivity analysis was performed to examine the association excluding reports classified as illness as they are often exposures to infectious illness, and may have a different relationship with shift length compared to that of injury.
Ethical Statement
This study was reviewed and approved by the University of Pittsburgh Institutional Review Board.
Results

Study Sample
Administrative shift scheduling and injury data was obtained from 14 EMS organizations. (Table 1) Half of the agencies were located in the West United States census region (n=7). Four agencies were located in the South, another two agencies were in the Northeast, and one agency serviced the Midwest census region.
We obtained 989,444 shifts and 972 OSHA reports. After removal of non-clinical and incomplete shift records, 966,082 total work shifts from 4,382 employees were available for analysis. Twelve OSHA reports did not meet the criteria for reporting and were excluded from the analysis.
Shift Length
The mean shift length overall was 12.6 hours (SD 4.40), while the median length was 12 hours (IQR 12, 12). (Table 1) The average shift length varied across agencies (p<0.001). The minimum agency median was 8 hours (IQR 8-8), while the maximum agency median was 24 hours (IQR 12-24).
Injury or Illness
The overall rate of OSHA reports in this sample was 15.59 per 100 per year (Table 1 ). There were a total of 950 reports from 677 employees. Nearly 75% of reports were categorized as injuries ( Table 2) . One in five injuries or illnesses resulted in the individual being restricted in their normal work activities (22.3%), while 12.7% resulted in time away from work.
The location of the injury or illness was reported for 878 reports (92.4%). The emergency scene was the most common location for injuries and illnesses to occur (n=454, 51.7%). Another 29.2% occurred in the ambulance or during transport (n=256). Approximately one in six occurred at the receiving facility (n=135, 15.4%), and 33 reports originated from an event at the base site itself (3.8%).
All reports were accompanied by a short description of the event. Among the 705 injury reports, the words "sprain" or "strain" were present in over ¾ of descriptions (n=558, 79.2%). Contusions or abrasions were reported in 84 descriptions (11.9%). There were 21 events described as concussions (3.0%) and 15 descriptions of needle stick injuries (2.1%). The words "lifting," "moving," or "transferring" were listed for nearly half of all injuries (n=345, 48.9%) and the most commonly listed body part was the neck or back (n=321, 45.5%). 
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Independent Variables
Teammate familiarity was greatest for shifts >12 and ≤16 hours duration, where partners had a median of 11 shifts together in the previous 8 weeks (Table 3) . Consecutive shifts were most common for longer shift length categories. Over 20% of shifts longer than 24 hours began immediately following the end of the most recent previous shift. Hours of recovery were greatest for shifts 16-24 hours, with a median of 2 days off-work prior to those shifts in this cohort. Shifts 8-12 hours in duration had a median of 12 hours recovery. Although shifts longer than 24-hours were rare, over 15% of all workers in this sample worked at least one shift of this type during the study period.
Univariable Models
Shift length was associated with reported injury or illness without adjustment for confounding variables (p=0.003), while teammate familiarity was not (p=0.62). A quadratic term for shift-length was not significant, suggesting a linear relationship between shift length and the outcome. Other covariates of interest, including overnight shift, consecutive shift, hours of recovery, part-time worker status, and agency workforce size were not associated with the outcome.
A Priori Approach: Multivariable Models
Compared to shifts >8 & ≤12 hours, shifts >12 & ≤16 hours increased the risk by 27% (This increase was not statistically significant). Shifts greater than 16 hours and as long as 24 hours increased the risk of injury or illness by 60%. Shifts ≤8 hours in duration decreased the risk of occupational injury or illness by 30%. (Table 4 ) Characterizing shift length in other ways yielded similar results. Shifts 12-hours in duration or greater increased the risk of occupational injury or illness by 49% (RR 1.49; 95% CI 1.18-1.88). For every additional hour of shift length, the risk of injury or illness increased by 4% (RR 1.04; 95% CI 1.02-1.06). (Table 5) Familiarity, agency workforce size, part-time status, and hours of recovery were not associated with occupational injury or illness. Consecutive shifts also did not significantly alter the risk of occupational injury or illness. Overnight shifts were safer, demonstrating a 22% decrease in risk compared to all other shifts. (Table 4 )
Practical Approach: Multivariable Models
An alternative analysis of the data where shifts with ≤1 hour recovery time were combined found that longer shifts remained associated with significantly increased risk of injury or illness. Relative to shifts of ≤8 hours duration, shifts >12 and ≤16 hours increased risk by 43%, while shifts >16 & ≤24 hours increased risk by 93%. Shifts lasting longer than 24 hours had nearly a 3-fold increase in risk. (Table 5 ) Shifts greater than or equal to 12 hours conferred a 38% increased risk of injury or illness.
Discussion
The analysis suggests an increased risk of injury and illness with increased shift duration. The effect was statistically significant for 12-hour shifts compared to less than 12-hour shifts and the greatest risk was observed for 24-hour shifts. Shift length has a linear relationship with occupational injury and illness in this sample.
The relationship between shift length and safety outcomes is poorly understood and little data exists to guide decision-making. 11 The endotracheal intubation success rates of Air Medical providers was evaluated at one organization after a change in scheduling policies. 24 Success rates did not vary by increasing shift length from 12 to 24 hours. Thomas et al. similarly found no difference in cognitive performance for 12 vs. 18 hour shifts in a population of 10 flight nurses. 25 Another effort in Air Medical providers found no difference in cognitive performance between 12 and 24-hour shifts, and also reported reduced fatigue at the end of a 24-hour shift compared to the beginning. 26 A cross-sectional survey of 511 EMS providers nationally found the proportion of severely fatigued providers was highest among those working 24-hour shifts, and that severe mental or physical fatigue was associated with injury, medical errors, and safety-compromising behaviors. Shift length was associated with these outcomes on univariate analysis, but not after fatigue was also included in the model. 9 The rate of fatal injuries in EMS workers exceeds that of the general public and transportation crashes are the most common cause. 527 Driving emergently relies on reaction time and judgment for safety, both of which are impaired by fatigue. 2829 Drowsiness increases the risk of a crash 8-fold. 30 Multiple studies have demonstrated that the degree of impairment with sustained wakefulness is similar to alcohol intoxication. 31 Individuals who are sleep-deprived also have difficulty processing information and adapting to changing circumstances -tasks that are critical for the safety of EMS workers. 32 Our data suggest that EMS workers may not arrive to work fully rested -obtaining only 6 hours of preshift sleep on average, 33 and shifts of 12 hours or more are most common. These factors combined suggest that without restorative rest, impaired mental and physical performance may be present.
EMS agencies vary widely in terms of structure, coverage area, demands for service, monetary resources, available workforce, and other factors. There is no optimal schedule to meet the needs of all potential workplaces. In many cases, adequate staffing would not be possible without extended shifts. Extended shifts that allow for restorative sleep and rest may protect against the development of fatigue and sleepiness. Frakes showed EMS providers averaged 7 hours of sleep on 24-hr shifts 34 , and Guyette observed improved performance on select tasks at the end of a 24-hour shift compared to the beginning, likely aided by on-shift sleep. 26 Studies of innovative scheduling practices among EMS providers in Japan suggest that protected inter-shift rest periods may alleviate perceived fatigue. 35 However, some workplaces do not permit sleep while employees are on shift, and calls for service may preclude rest opportunities.
Trials of novel, minimally intrusive, intra-shift and inter-shift safety management interventions in the EMS setting are needed. One intra-shift intervention used text messages to perform momentary assessments of EMS workers while they were on-shift. Interventional messages were sent if employees reported severe fatigue, sleepiness, or difficulty with concentration. 36 Subjects were highly compliant and the intervention reduced fatigue and sleepiness in a subgroup of participants.
The evidence provided by this study should be viewed with caution if considering a change in policy. These data have important limitations and depending on how the exposure is treated (Table 5) , different conclusions can be drawn regarding the safety of given shift length. Despite this, these data show a consistent message. The findings are early observational evidence of a preventable exposure associated with injury and illness and should be tested further in a randomized design.
Limitations
There are several important limitations that should be considered when interpreting our results. First, this is an observational study, and neither the exposure nor the outcome was recorded with the intent to examine the hypothesized question. Minimal agency-level demographic information was collected. Based on the number of active employees at each agency during the study period, our sample is not representative of agencies with workforces with less than 100 employees. There is no information on call volume, rurality, or existing fatigue management systems, important factors when interpreting these results. It is possible that this sample is composed entirely of high volume non-rural agencies, where rest on shift may be uncommon or not permitted. We observed a protective effect for night shifts in this analysis, potentially because call volume is often lower on night shifts, offering decreased exposure to occupational hazards. 32 Call volume could be an important driver of the associations seen in this analysis and future research should seek to capture this information. Extended duration shifts with low call volume may allow for rest on-shift. We do not know the workload of the crew for any shift length in this analysis.
The social norms at participating agencies regarding injury reporting are unknown. Safety culture has been associated with injury reporting in other settings, with a higher rate of underreporting in workplaces with negative safety culture. 37 In EMS, previous research suggests higher odds of self-reported occupational injury in agencies with negative safety culture. 38 Safety culture was not available as a covariate in this analysis. We attempted to minimize biases from agencies who recorded minor events by reviewing each outcome to determine if it met the threshold for reporting. Twelve reports did not meet the outcome definition and were excluded.
Relevant individual characteristics, such as age, sex, medical conditions, and personal lifestyle habits, were not available. The sleep habits of individuals in the study could potentially explain our findings. The number of jobs that each individual worked was not known. Many EMS workers are employed at multiple agencies simultaneously, 934 and the likelihood of employment at more than 1 agency may be related to the most common shift length worked. Individuals who primarily work 24-hour shifts may have greater time availability with which to obtain other employment. Multiple job holders may be at increased risk of fatigue and injury due to a combination of factors, including reduced sleep, increased fatigue, long work hours, and increased commuting time. 39 The use of OSHA 300 logs to capture the outcome has limitations. OHSA logs are widely believed to underestimate the burden of injury and illness, somewhere between 20 and 70%. 4041 Underreporting may be especially prevalent among healthcare workers. 18 Evidence suggests underreporting is particularly common in instances of musculoskeletal injury and needlestick injury, among the most common injuries sustained by EMS providers. 5 We grouped reports of injuries and illness together in our analysis. Examining only the outcomes recorded as injuries yielded similar results. We used keywords within the narrative to estimate prevalence of injury characteristics. This approach may not capture all injuries within a category of interest, and not all possible keywords were searched. Any events related to shift length that occurred outside of work hours were not captured. There is an increased risk of motor vehicle crash commuting to and from the workplace for extended shifts, with a 9% increased crash risk for every 24-hour or longer shift. 42 The dataset lacked granularity to examine the evolution of risk over successive hours on duty. The OSHA report was matched to a shift, with no knowledge of how many hours into the shift the injury or illness occurred. OSHA reports were also matched to the most recent shift within the previous 4 days. This method assumed that the event described occurred on the most recent shift. If reporting was delayed or inaccurate the report may not be matched to the shift on which it occurred.
Conclusion
Extended shift duration is associated with occupational injury and illness among EMS shift workers. We believe randomized controlled trials of diverse agency scheduling practices, intra-shift, and inter-shift interventions are needed.
What this paper adds
• Occupational injury rates in Emergency Medical Services (EMS) are high, and extended shifts, fatigue, and poor sleep quality are common.
• In this sample of nearly 1 million shifts from 14 EMS agencies, the risk of an occupational injury or illness was found to be associated with increasing shift length.
• This study provides base rate data on EMS shift worker injury, shift duration characteristics, and is the largest US-based study to examine the association between shift duration and risk of work-related injury in the EMS setting. Table 1 Agency workforce, scheduling characteristics, and occupational injury and illness rates. Table 2 A summary of the work-related injuries and illnesses reported during the study period and their severity. Table 5 A priori vs. practical approach: Multivariable estimates of risk describing the association between shift length and occupational injury or illness depend on the definition of exposure. 
